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Description 

PROCESS AND DEVICE FOR DETECTING 
A PARTICULAR MOTILE ORGANISM" 

5 

Technical Field of the Invention 

The present invention relates to an improved 
process for detecting a particular motile organism 
within a sample. More particularly, the present inven- 

10 tion relates to the use of a plurality of antibodies 
specific to epitopes on flagella of motile competitors 
to prevent movement of the motile competitors without 
inhibiting movement of the particular organism for the 
purpose of enhancing detection of the particular motile 

15 organism. 

Terminology And Background of the Invention 

The terminology used herein will be 
"particular motile organism" to describe the specific 

20 microorganism or bacterial pathogen that the inventive 
process is designed to detect. "Motile competitors" 
refers to other motile microorganisms (except the 
particular motile organism) that may be in a sample. 
"Motile organisms" refers to the combination of the 

25 motile competitors and the particular motile organism, 
or the combination of all motile organisms within a 
sample. An "enriched sample" refers to a test sample 
that had been added to a culture medium and incubated at 
a permissive temperature for a certain period of time to 

30 permit growth of the particular motile organism. 

The terminology used herein includes two types 
of antibodies. The particular antibodies are specific 
for epitopes on the flagella of the particular motile 
organism. The competitor flagella antibodies are 

35 specific for epitopes on the motile competitors. The 
competitor flagella antibodies do not substantially 
cross-react with sites on the particular motile 
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organisms, and likewise, the particular antibodies do 
not substantially cross-react with motile competitors. 

It should be noted that when, for example, 
Salmonella is the particular motile organism, then 
5 P?pfterAchja coli and Yersinia entercolitica may be the 
motile competitors. Similarly, when JS^ coli is the 
particular motile organism, Salmonella may be considered 
a motile competitor. Thus, an organism may be either a 
particular motile organism or a motile competitor, 
10 depending upon the test being performed. 

The competitor flagella antibodies act to 
confer selectivity in a motility or an enrichment test 
procedure. 

The detection of bacteria in food, water, 

15 waste water, environmental, pharmaceutical, cosmetic and 
clinical samples is often complicated by the fact that 
the microorganism (particular motile organism) may be 
present in the sample at concentrations much lower than 
those of other microorganisms (i.e., motile and 

20 nonmotile competitors). 

Competitor microorganisms, including motile 
competitors, can often interfere with the detection of a 
pathogen, or a particular motile organism, by overgrow- 
ing on the surface of an agar plate or by inhibiting the 

25 growth of the particular motile organism in a culture 
broth. An isolated colony of the particular motile 
organism may not appear on the surface of an agar plate 
if large numbers of colonies of competitor organisms are 
present. The competitor organisms may consume essential 

30 nutrients and oxygen, release by-products that possess 
antibacterial properties, or raise or lower pH to levels 
which inhibit bacterial growth or kill the organism. As 
a consequence, the competitor organisms may grow to 
extremely high concentrations in the culture broth, 

35 whereas the bacterial pathogen (i.e., particular motile 
organism) remains below detectable limits or can 
actually die off. 
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For example, Salmonella is a genus of faculta- 
tive, anaerobic, Gram-negative, flagellate bacteria 
which may be found in a variety of food stuffs, dairy 
products, feed, water and waste water, and which are a 
5 cause of various pathological conditions in humans. 
Salmonellosis is a food-associated disease and a major 
problem in the United States. However, salmonellosis is 
usually not a fatal disease, although some fatalities 
have been reported in infants, immunocompromised 

10 individuals and the aged. 

Food, dairy and feed industries routinely 
scrutinize their products for Salmonella contamination. 
Assays for Salmonella contamination in products is 
complicated by the fact that the Salmonella organism is 

15 commonly present at extremely low levels. The presence 
of numerous other microorganisms (i.e., competitor 
organisms) , including competitive flagellate species 
(motile competitors) , can further complicate the detec- 
tion of Salmonella . Competitor organisms,, including 

20 motile competitors, can interfere with the detection of 
Salmonella by pure culture techniques. 

The pure culture technique used for conven- 
tional detection of, for example, Salmonella ,, is cumber- 
some and labor-intensive to perform, requires expensive 

25 laboratory materials, requires at least four days to 
complete the procedure, and may yield false-negative 
results. The pure culture technique for the detection 
of Salmonella from foods involves multiple enrichment 
and plating steps which are intended to minimize the 

30 problems associated with the presence of competitor 
organisms . 

The first step in the pure culture detection 
sequence for Salmonella involves the introduction of the 
sample into a preenrichment broth and incubation for 24 
35 hours at 35 The purpose of this first step is to 
promote the repair of the Salmonella (i.e., particular 
motile organism) if it has been damaged due to process- 
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ing of the food, and to encourage the growth of the 
particular motile organism. This first pre-enrichment 
step, however, also results in the growth of the 
competitor organisms, including motile competitors. if 
5 the competitor organisms are present in the food at high 
levels, or if the competitor organisms are capable of 
growing more rapidly than the particular motile 
organism, then the competitor organisms may reach levels 
in the pre-enrichment broth, after incubation, which are 

10 1,000 to 10,000,000 times greater than the particular 
motile organism. 

The next step in the detection sequence for 
the pure culture method is the transfer of a small 
volume of the pre-enrichment broth into selective 

15 enrichment broths. The selective broths include certain 
chemical agents that suppress the growth of the competi- 
tor organisms while permitting the growth of the parti- 
cular motile organism. The selective enrichment broths 
are incubated at 35*C or 43*C for approximately 24 

20 hours. The higher incubation temperature is sometimes 
used to further suppress the growth of the competitor 
organisms. 

Three types of agar plates, each containing 
different selective agents to inhibit the growth of 

25 competitor organisms, are usually streaked from the 
selective broths after incubation of the selective 
enrichment broths. These plates are incubated for 24 
hours at 35 *C, and then examined for the presence of 
colonies of Salmonella. 

30 A commercial screening test is available for 

the rapid and simple detection of motile Salmonella in a 
sample. This test, the 1-2 TEST® from BioControl 
Systems, Inc., Bothell, Washington, is described in 
United States Patent No. 4,563,418, the disclosure of 

35 which is incorporated by reference herein. This test 
utilizes a particular organism immuno-immobilization 
procedure. The 1-2 TEST® uses an immunological 
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detection system to immobilize the particular motile 
organisms. The 1-2 TEST® is packaged in a disposable 
plastic container with two interconnecting chambers. 
One chamber contains tetrathionate broth, brilliant 
5 green dye and serine, which is a selective enrichment 
broth for Salmonella. The other chamber contains a 
semisolid motility medium. An enriched sample is 
inoculated into the first chamber, containing the 
selective enrichment broth. A drop of a particular 

10 antibody preparation, which reacts specifically with the 
flagella of Salmonella, is added onto a distal surface 
of the semisolid motility medium in the second chamber. 
The inoculated unit is incubated at 35*c. The motile 
Salmonella and certain motile competitors move from the 

15 selective enrichment broth into the semisolid motility 
medium. The particular motile organisms progress 
through the semisolid motility medium, eventually 
interacting with the particular antibodies that have 
diffused radially into the semisolid motility medium. 

20 The particular motile organisms become incapable of 
further progression through the semisolid motility 
medium upon reaction of the flagella of the particular 
motile organism with the diffusing particular 
antibodies. The immobilized cells form a whitish band 

25 that can be visually read. Any motile competitors that 
progress with the particular motile organisms through 
the semisolid motility medium do not interact with the 
diffusing particular antibodies and continue to move to 
the distal end of the semisolid motility medium. 

30 Specificity of the 1-2 TEST® system and 

similar tests is partially conferred by the selective 
enrichment medium, allowing preferential growth of the 
particular motile organism relative to the motile 
competitors. The use of selective agents in the selec- 

35 tive enrichment medium is a means for conferring selec- 
tivity for the particular motile organism. Selective 
agents for Salmonella include, for example, brilliant 
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green dye, bile salts, sodium dodecyl sulfate, 
novobiocin, sodium selenite and other agents. These 
agents, however, can act to inhibit the growth of 
certain sensitive strains of the particular motile 
5 organism and prevent it from growing to detectable 
limits. For example, Schothorst et al., "Studies on the 
Multiplication of Salmonellae in Various Enrichment 
Media at Different Incubation Temperatures," J. AppI. 
Bagtt 42:157-63, 1977, found several Salmonella strains 

10 that did not grow in the presence of brilliant green 
dye. Further, Greenfield et al., "Selective Inhibition 
of Certain Enteric Bacteria by Selenite Media Incubated 
at 35*C and 43*C," Can. J. Microbiol. 1£:1267-71, 1970, 
found that strains of the Salmonella serotypes 

15 cftplerflesujs, §^ aallinarum. pullorum and typhi 

did not grow well with sodium selenite. Further still, 
Vassiliadis et al., "Evaluation of the Growth of 
Salmonellae in Rappaport's Broth and in Muller- 
Kauffmann's Tetrathionate Broth," J. AppI. Bact. 37:411- 

20 18, 1974, examined 70 strains of Salmonella and found 
several strains that did not grow in the selective broth 
tested. Thus, the selective agents may also inhibit the 
growth of certain Salmonella serotypes. Therefore, 
there is a need in the art for a better means for 

25 conferring selectivity for the particular motile 
organism in a microbiological test. 

The presence of large numbers of motile 
competitors in the tetrathionate broth (i.e., selective 
enrichment medium) in the first chamber of a Salmonella 

30 test can interfere with the movement of Salmonella into 
the semisolid motility medium. In general, the presence 
of large numbers of motile competitors can decrease the 
sensitivity of any microbiological test. This can 
result in false-negative readings. Presently, this 

35 problem cam be partially solved by using a selective 
enrichment step before inoculation. The drawback to the 
use of a selective enrichment step prior to the 
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beginning of the microbiological test is that this 
procedure lengthens the test time by about 24 hours. 
Therefore, there is a need in the art for a means to 
reduce false-negative results in a microbiological test 
5 when there are large numbers of motile competitors 
present in a sample, without significantly increasing 
test time. 

siimTna-ry of the Invention 

10 The present invention is directed to the use 

of competitor flagella antibodies that allow the 
preferential detection of a particular motile organism, 
through a competitor immobilization procedure. More 
specifically, the present invention reduces the number 

15 of ' false-negative test results encountered in a 
particular organism immobilization procedure in the 
presence of large numbers of motile competitors. The 
inventive method also improves microbiological 
procedures by modifying the semisolid motility medium 

20 and, in certain aspects, the selective enrichment 
medium. Such a modification includes the addition of a 
plurality of competitor flagella antibodies to the 
semisolid motility medium alone, the selective 
enrichment medium alone , or to both the semisolid 

25 motility medium and the selective enrichment medium. 
Preferably, the competitor flagella antibodies are added 
only to the semisolid motility medium. 

The plurality of competitor flagella 
antibodies function to immobilize the motile competitors 

30 within either or both media. In this way, the competi- 
tor flagella antibodies act as a means for conferring 
selectivity for the particular motile organism. The 
competitor flagella antibodies react specifically with 
the flagella of motile competitor bacteria, but do not 

35 significantly react with the flagella of the particular 
motile organisms. 
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The competitor flagella antibodies are 
incorporated into the semisolid motility medium and/or 
selective enrichment medium contained in the detection 
unit of a competitor immobilization test. The 
5 competitor flagella antibodies prevent or retard the 
movement of motile competitors within the media of the 
detection unit without appreciably retarding the 
movement of the particular motile organism. This 
permits the particular motile organism to move 

10 exclusively or in predominant numbers into and through 
the semisolid motility medium for detection. One means 
for detecting the particular motile organism is to have 
diffusing antibodies react specifically with the 
particular motile organism. The incorporation of the 

15 competitor flagella antibodies therefore increases the 
selectivity of the assay and permits detection of low 
levels of the particular motile organism in the presence 
of high levels of motile competitors without a high 
incidence of false-negative readings. 

20 In a further embodiment of a motility enrich- 

ment procedure, the competitor flagella antibodies are 
incorporated into the semisolid motility medium, without 
the use of a selective enrichment broth. Thus, the 
sample or an enriched sample is inoculated at the proxi- 

25 mal end of the semisolid motility medium with competitor 
flagella antibodies and only the particular motile 
organism can travel to the distal end of the semisolid 
motility medium for detection. 

In another aspect, the present invention 

30 provides a device for use in a competitor immobilization 
procedure to detect a particular motile organism, 
comprising a first compartment consisting essentially of 
a culture broth into which an enriched sample is added, 
a second compartment having a proximal end and a distal 

35 end, the second compartment communicating with the first 
compartment at the proximal end, and consisting 
essentially of a semisolid motility medium and 
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competitor flagella antibodies , and a means for 
detecting the particular motile organism, wherein the 
communication between the first and second compartments 
allows motile organisms to pass. It is not essential 
5 for the semisolid motility medium to contain selective 
agents because the competitor flagella antibodies confer 
selectivity. 

Preferred means for detecting the particular 
motile organism include: a third compartment communi- 

10 eating with the distal end of the second compartment and 
consisting essentially of a medium that can visually 
change in the presence of the particular motile 
organism; and antibodies added to the distal end of the 
second chamber and diffusing proximally and essentially 

15 unidirectionally to produce an immobilization band upon 
interaction of the particular motile organism and the 
antibodies. A sample of distal semisolid motility 
medium is obtained after the particular motile organism 
has been incubated to allow movement to the distal end, 

20 for detection by pure culture methods. Other means for 
detecting the presence of the particular motile organism 
at the distal end of the second chamber include 
immunoassays and hybridization assays. 

The competitor flagella antibodies are 

25 prepared using a mixture of bacterial strains of likely 
motile competitors. Preferably, as discussed herein, 
rabbits are immunized and the sera are pooled to obtain 
a mixture of competitor flagella antibodies. 

30 Brief Des cription of the Drawing 

The Figure illustrates an example of a 
competitor immobilization test device that incorporates 
competitor flagella antibodies into the semisolid 
motility medium, as a means for separating the particu- 

35 lar motile organism from the motile competitors. The 
first compartment contains a broth into which a test 
sample or enriched sample is added. The first compart- 
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merit communicates with a second compartment that 
contains the semisolid motility medium with competitor 
flagella antibodies. The second compartment communi- 
cates with a third compartment that contains a means for 
5 detecting the particular motile organism. The first and 
third compartments do not directly communicate. The 
means for communication between the first and second 
compartments and the second and third compartments is by 
an opening, and preferably through a permeable barrier 
10 (e.g., frit) that allows movement of motile organisms 
but does not allow for mixing of the media between 
compartments . 

Detailed Description of the Invention 

15 As noted above, the present invention provides 

an improved process for detecting a particular motile 
organism using a competitor immobilization type assay, 
through the incorporation of competitor flagella 
antibbdies within either or both of the culture media. 

20 This process reduces the incidence of false-negative 
results for detecting a particular motile organism, such 
as SalffiQsella, Escherichia coli . Listeria - or Yersinia 
enteyggUtipa. 

The preparation of competitor flagella 

25 antibodies is added into either or both of the selective 
enrichment medium and/or the semisolid motility medium 
at a concentration sufficient to retard the movement of 
the motile competitors. This concentration is dependent 
upon the titer of antibodies in sera. The titer varies 

30 from lot to lot and with the immunization program used. 

The competitor flagella antibodies have 
multiple specificities to competitor motile organisms 
which may potentially be found in the sample. The 
competitor flagella antibodies are specific for the 

35 motile competitors and do not appreciably cross-react 
with the particular motile organism. 



WO 90/13033 



11 



PCT/US90/02022 



The motile organisms and motile competitors 
which can be found in food, water, waste water, environ- 
mental, pharmaceutical, cosmetic and clinical samples, 
include bacteria which are members of the genera 
5 Escherichia, Salmonella, Citrobacter . Enterobacter, 
Serratja, Hafnja, Proteus. Edwards iel la r Erwina, Vibrio , 
listeria, proyjdencia, Bacillus f Pseudomonas . Aeromonas , 
Yersinia, Campylobacter. Cedecea . Moraanella and 
Sluyvesa. Species of Citrobacter include, for example, 

10 CL_ freundii, C^ diversus and £L. amalonaticus . Species 
of Salmonella include, for example, s_j. enterica . s. 
paratyphi-C, S^. tYPhi, S^ paratvphi-A . Sj_ paratvphi-R . 
S^ typhjmurium, S^. enteriditis . Sj. salamae . arizonae. 
SL. diarjzonae, Sj. houtenae, and S_s. bongori . Species of 

15 Serratja include, for example, S^ liouefaciens . 
S^. rubidaea , S^ plymuthica, S^ fonticola, S^ odor if era . 

ficaria , S^. grjmegii and S^ proteamaculans. Species 
of Escherichia include, for example, E^ blattae, 
coli, E.,. adecarboxvlata . E_j_ hermannii . vulneris 

20 and E^. ferousonii. Species of Erwinia include, for 
example, Ej. amyloyora, E_s_ ananas , E. canceroaena , 
li. carnegieana, E^. carotovora . e^ chrvsanthenH . 

cyprjpedji, E^ herbicola . E_s_ mallotivora , 

IL milletiae, E^. niorifluens. E^. paradisiaca , 

25 Ei. guercina, Es. rhapontici . Ej. rubrif aciens . e± salicis . 
E_j. Stewart, Ej. tracheiphila and E^ uredovora . Species 
of Edwardsiella include, for example, Ej_ hoshina . 
E_s. ictaluri and E^ tarda. Species for Yersinia include, 
for example, Y^. entercolitica . frederikseni i , 

30 intermedia, Y_s. kristensenii. y^. pseudotuberculosi s 

and ]U ruckeri . Species of Enterobacter include, for 
example, £U. amniaenus . E^. cloacae . Ej. dissolvens . g^. 
gergovjae, IL. aeroaenes , Ej. aaalomerans r e a intermedium r 
iL. nimuoressuralis (NYV) , E^. sakazakii and E^. tavlorae . 

35 Species of Proteus include, for example, E^. mirabilis r 
Es. mvxof aciens r p^. vulgaris and P^. penneri . Species of 
^organella include, for example, Mj. moraanii . Species 
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of Kluwera . for example, £s. ascorbata and 
Ej. crvocrescens. Species of Hafnia include, for 
example, Hafnia alvei. Species of Providencia include, 
for example, ^ aJLsaiifasiens, rettaeri . stuartii 
5 and £j. rustiaianii. In addition, motile organisms and 
motile competitors include species of Listeria , such as 
L^. monocytogenes, Xu. invanpyi, la. inocua . welshimeri r 
Lj. seeljqen, Xu. oravi. L^. murrav. and L^. ionesi . 

Further strains of competitor organisms are 

10 disclosed in Swing, "Edward's and Swing's Identification 
of Enterobacteriaceae. " 4th ed. , Elsevier, New York, 
1986, for Citrobacter freundii (pp. 350-62), Escherichia 
CQiU (pp. 116-19) and Serratia marcescens (pp. 431-40) . 
The following examples of strains of Citrobacter 

15 freundii may be used to produce competitor flagella 
antibodies: Na la, Na 4, Md 10, Na 11, Mich 7, Mich 1, 
Md 2, Md i, 5131/51, Mich 11, 3038, Br. Unit., and 
LC 54 . 

Examples of strains of Escherichia coli that 

20 can be used to produce competitor flagella antibodies 
include: Su 1242, Bi 7455-41, Bi 7327-41, U9-41, U4-41, 
A2-a, U5-41, AP 320c, Bi 7575-41, Bi 623-42, Su 4321-41, 
Bi 316-42, S 10018-41, E 39a, S 8316-41, P 12b, K 12a, 
A 18d, H 3306, U lla-44, HW 23, HW 25, HW 26, HW 27, 

2§ HW 28; HW 30, HW 31, HW 32, HW 33, HW 34, HW 35, 
BP 12665, 4370-53, 5017-53, P 11a, P 9b, E 3a, E 49, 
RVC 1787, P 9C, 149-51, 781-55, 4106-54, 5306-56, 
1755-58, P4 and 2147-59. 

Examples of Serratia marcescens that can be 

30 Used to produce competitor flagella antibodies include 
CDC-863-57, CDC-836-57, CDC-862-57, CDC-864-57, 
CDC-866-57, CDC-680-57, CDC-841-57, CDC-877-57, 
CDC-1783-57, CDC-2420-57, CDC-827-57, CDC-874-57, 
CDC-1996-71, S-326(Traub) , IP-389, Schweiz (Traub) , 

35 IP-421, IP-250, IP-416, Sli (Traub) , IP-987, IP-1114, 
IP-1041, IP-361, IP-2384 and IP-6672. 
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Competitor flagella antibodies are 
incorporated into either or both of the selective 
enrichment medium and/or the semisolid motility medium 
at a concentration high enough to prevent or substan- 
5 tially retard the movement of the motile competitors. 
The competitor flagella antibody preparation should not 
include any antibodies which appreciably react with and 
subsequently retard the movement of the particular 
motile organism to be detected. When the competitor 

10 flagella antibodies are added to the selective 
enrichment medium of a competitor immobilization test, 
the competitor flagella antibodies react with the 
flagella of the motile competitors and result in a 
clumping or agglutination of the motile competitor 

15 cells. When the competitor flagella antibodies are 
added to the semisolid motility medium, the competitor 
flagella antibodies restrict the ability of the motile 
competitors to move into and through the pores of the 
semisolid motility medium. Preferably, the competitor 

20 flagella antibodies are added to the semisolid motility 
medium to act as a means for separating the particular 
motile organism from the motile competitors. 

Competitor flagella antibodies are prepared, 
for example, in rabbits using whole cell antigens (see, 

25 Edwards and Ewing, supra at pages 239-242) or purified 
flagella antigens of the motile competitors, using 
procedures such as described in Fey, Zbl. Bakt. Hva. , 
I. . Abt. Oria A. 245:55-66 (1979), and Ibraham et al. J. 
Clin. Micro. 22:1040-44 (1985). 

30 Other methods known to produce antibodies, 

including monoclonal antibody production techniques, may 
be used to produce the competitor flagella antibodies. 
Mixtures of monoclonal antibodies and/or polyclonal 
antibodies may form the proper recipe for the competitor 

35 flagella antibodies. 

The competitor flagella antibodies are often a 
mixture of antibodies directed to epitopes on flagella 
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of the likely motile competitors in a particular sample. 
The competitor flagella antibodies can be a pool of 
antibodies specific for selected motile competitors or 
be a mixture of antibodies produced using a mixture of 
5 motile competitors. The titer of competitor flagella 
antibodies is determined by measuring motility inhibi- 
tion of motile competitors with different concentrations 
of the competitor flagella antibodies. Preferably, the 
concentration of competitor flagella antibodies added to 

10 the selective enrichment medium and/or semisolid motil- 
ity medium is selected to correspond to the lowest 
antibody concentration that blocks motility of the 
motile competitors in a test culture. An antibody titer 
of competitor flagella antibodies can be expected to be 

15 1:500 to 1:15,000 using the motility inhibition assay 
described herein, depending upon the immunization 
procedure and specificity of the resulting antibodies. 

Similarly, the effective concentration of 
competitor flagella antibodies should not inhibit the 

20 motility of the particular motile organism. This can be 
determined by testing multiple cultures of the particu- 
lar motile organism in a motility-type test using 
specific concentrations of competitor flagella 
antibodies within the semisolid motility medium or the 

25 selective enrichment medium, or both. 

Within one aspect, the competitor flagella 
antibodies are added to the selective enrichment medium 
and the semisolid motility medium of a competitor 
immobilization test. The sample or an enriched sample 

30 is inoculated into the selective enrichment medium. 
This results in the reaction of the motile competitors 
with the competitor flagella antibodies. This reaction 
could occur in the liquid selective enrichment medium 
and/or the semisolid motility medium. Preferably, the 

35 assay does not have a selective enrichment media, so the 
competitor flagella antibodies confer selectivity for 
the particular motile organism only in the semisolid 
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motility medium. Most preferably, the semisolid 
motility medium need not contain a selective agent to 
regulate movement of the motile organisms, because the 
competitor flagella antibodies function as a means for 
5 selecting for the particular motile organism over the 
motile competitors. 

The reaction results in the inhibition of the 
movement of the motile competitors. For the competitor 
immobilization procedure, the competitor flagella 

10 antibodies act to restrict the movement of the motile 
competitors, while permitting the movement of the 
particular motile organism into and through the 
semisolid motility medium. If an immuno-immobilization 
detection technique is utilized, the antibodies specific 

15 to the particular motile organism are layered onto the 
distal surface of the semisolid motility medium as a 
means for detecting the particular motile organism, an 
immobilization band in the semisolid motility medium 
will be visible if particular motile organisms are 

20 present. Other detection techniques require the 
particular motile organism to reach the distal end of 
the semisolid motility medium. 

The incorporation of the competitor flagella 
antibodies into the semisolid motility medium and/or 

25 selective enrichment medium acts as a method for confer- 
ring selectivity to a microbiological test, such as the 
BioControl 1-2 TEST®. In this way, the incorporation of 
the competitor flagella antibodies act to permit the 
unimpeded movement of the particular motile organism, 

30 resulting in the separation from the motile competitors 
and the "enrichment" of the particular motile organism. 
The incorporation of the competitor flagella antibodies 
into a semisolid motility medium permits the selection 
of the particular motile organism without the addition 

35 of selective agents, thus permitting motile organism 
strains, that might be inhibited by the selective agent, 
to grow to detectable levels. The incorporation of the 
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competitor flagella antibodies provides a method for 
conferring selectivity to a microbiological procedure 
without the use of selective agents. 

The semisolid motility medium needs to have 
5 pores large enough to allow free movement of the motile 
organisms and have the necessary nutrients to allow 
nonselective g&hrth of all motile organisms. The 
semisolid motility medium cannot approach the liquid 
state because there cannot be any mixing within the 

10 semisolid motility medium. Preferably, the semisolid 
motility medium should be an agarose preparation. The 
appropriate agarose concentration in a semisolid 
motility medium used in a motility immobilization 
procedure is influenced by the type of agarose employed. 

15 . ' ■ In general , concentrations of agarose appro- 

priate for use in a semisolid motility medium are in the 
range from about 0 . 1% (w/v) to about 0 . 5% (w/v) . 

The semisolid motility medium typically 
comprises agarose, hydrolyzed protein and other agents 

20 to assist tSie growth of the particular motile organism, 
such as vitamins. Preferably the hydrolyzed protein is 
a peptone such as the Difco peptones Bacto-peptone, 
Bacto-tryptone, Bacto-tryptose and Bacto-casitone. 
Concentrations of peptone range from about 1% (w/v) to 

25 about 5% (w/v) . The use of other growth promoting 
agents include, for example, NaCl for Yersinia . It is 
preferred that sugars not be included in the semisolid 
motility medium because sugar metabolism often forms gas 
which can disrupt the semisolid motility medium. 

30 An example of a suitable semisolid motility 

medium is 1.5% (w/v) polypeptone (BBL, Cockeysville, MD) 
and 0.2-0.3% (w/v) agar. The medium is cooled to 40- 
48 *C prior to adding to its rigid support. The 
semisolid motility medium is allowed to solidify in its 

35 rigid support chamber. 

The pore sizes of gels vary as a function of 
the concentration of agarose used and the type of 
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agarose employed. See Serwer et al., "Agarose Gel 
Electrophoresis of Bacteriophages and Related Particles 
III Dependence of Gel Sieving on the Agarose Prepara- 
tion," Electrophoresis 4:232-36, 1983; and Serwer 

5 etal., "Exclusion of Spheres by Agarose Gels During 
Agarose Gel Electrophoresis: Dependence on the Sphere's 
Radius and the Gel's Concentration," Anal. Biochem. 
158 : 72-78 f 1986. The appropriate agarose concentration 
in the semisolid motility medium is empirically deter- 

10 mined by the lowest concentration that permits rapid 
movement of the motile organisms but has sufficient 
mechanical strength to resist breakage when housed in a 
rigid support. Examples of a rigid support are a test 
tube or the motility immobilization device in the 

15 BioControl 1-2 TEST®. Examples of appropriate concen- 
trations of various types of agarose preparations manu- 
factured by Marine Colloids, Rockland, Maine, include 
(w/v) : from about 0.1% to about 0.2% for HGT, from 
about 0.1% to about 0.2% for LE, from about 0.2% to 

20 about 0.25% for RE, and from about 0.25% to about 0.3% 
for Sea Plague. 

An enrichment method incorporating competitor 
flagella antibodies into a semisolid motility medium can 
be used to increase the levels of the particular motile 

25 organism relative to motile competitors for the benefit 
of detecting the particular motile organism using a 
detection assay. Examples of detection assays include, 
for example, a pure culture method, where differential 
agar plates are streaked and incubated to produce typi- 

30 cal colonies of the particular motile organism; an 
immmunoassay procedure; a hybridization procedure; a 
latex agglutination procedure; an agglutination 
procedure and an immuno-immobilization procedure. An 
enrichment method of this type could be conducted, for 

35 example, by allowing a small sample (e.g., 0.1 gram of a 
fecal sample) or a small volume of a pre-enrichment 
medium (e.g., 0.1 ml) to contact the semisolid motility 
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medium containing the competitor flagella antibodies. 
The inoculated semisolid motility medium would need an 
incubation time from only about 2 to about 24 hours at a 
permissive temperature (usually 30 # C to 37 'C for most 
5 motile organisms, but sometimes 22 # C to 27 °C for certain 
motile bacteria, such as Yersinia entercolitir^ ) D r 
J. Listeria monocytogenes. Any visual indication of growth 
in the semisolid motility medium (the semisolid motility 
medium would become turbid or cloudy) would indicate 
,20 presumptively that the particular motile organism is 
present. This might be considered as a presumptive 
positive result for the particular motile organism. 
More definitive determinations require a detection 
procedure either at the distal end of the semisolid 

15 motility medium or at a container communicating with the 
distal end of the semisolid motility medium, or by 
obtaining a sample from the distal end of the semisolid 
motility medium. 

An inoculum obtained from the semisolid 

20 motility medium at a point distal from the original 
inoculation point could be taken and streaked onto 
differential agar plates to obtain a pure culture to 
Opnf irm for the presence of the particular motile 
organism. Alternatively, the inoculum of the semisolid 

25 motility medium could be directly tested or introduced 
into a broth culture medium for a brief incubation time 
at a permissive temperature before conducting an 
immunoassay or a hybridization procedure. 

The competitor immobilization procedure may 

30 utilize a device comprising a first compartment 
consisting essentially of a sample or an enriched sample 
and a broth and a second compartment having a proximal 
and a distal end, communicating with the first 
compartment at the proximal end and consisting 

35 essentially of a semisolid motility medium and 
competitor flagella antibodies. The communication 
between the first and second compartment allows for 
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movement of motile organisms but not for mixing of the 
media. Preferably, a porous plastic frit forms the 
barrier between the first and second compartments. In 
another embodiment, a third compartment communicates 
5 with the distal end of the second compartment, and 
contains a detection system or a culture medium to grow 
the particular motile organism for later detection. For 
example, the third compartment may contain a medium that 
turns turbid or can visually change in the presence of 
10 the particular motile organism. 

The following examples are for purposes of 
illustration and not for limitation. 



EXAMPLE i 

15 This example illustrates a comparison of a 

microbiological assay conducted with a competitor 
flagella antibody and without a competitor flagella 
antibody. The competitor flagella antibody specifically 
reacts with the motile organism, coli 0157 :H7. The 

20 competitor flagella antibody is added into both the 
semisolid motility medium and the tetrathionate selec- 
tive enrichment broth of a BioControl 1-2 TEST® at a 
final concentration of 1:200 (v/v) . The BioControl 1-2 
TEST® is a test specific for Salmonella as the particu- 

25 lar motile organism. A strain of Salmonella and a 
strain of the serotype E. coli 0157 :H7 are grown 
overnight in BHI broth at 35 °C The particular motile 
organism and the motile competitor are grown separately. 
The Salmonella culture is decimally diluted. The 

30 1L. coli cultures are added into sterile test tubes at 
concentrations of approximately 10 7 cells/ml. 
Salmonella are then added into each of the E^ coli test 
tubes from each dilution so that the concentration of 
Us. coli remains constant in each tube while the concen- 

35 tration of Salmonella is reduced in consecutive tubes 
until extinction is reached. One-tenth ml from each 
test tube is added into the enrichment broth of a 
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BioControl 1-2 TEST® unit according to the manufac- 
turer's instructions. Particular antibodies specific to 
the flagella of Salmonella are added to the distal 
surface of the semisolid motility medium through an 
5 opening provided in the container according to the manu- 
facturer's instructions. The 1-2 TEST® units are then 
incubated for 24 hours at 35 *C and observed for the 
development of an immobilization band. The results of 
this test are shown in Table 1 below and indicate that 
10 the presence of competitor flagella antibodies increase 
the sensitivity of the 1-2 TEST® and reduced the 
incidence of false-negative results. 

TABUS I 

15 ■ 

Presence QUma^MkaUoa ™iH 
No. E, coli (CFU/ml) No. Salmonella (CFU/ml) Without Competitor With Competitor 
added to 1-2 TEST added to 1-2 TEST Antibodies Antibodies 
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30 + = Immobilization reaction resulting in the development of a strong, clearly identifiable band 
- » Weak or nonexistent immobilization band 

EXAMPLE 2 

This example illustrates the preparation of a 
35 competitor flagella antibody prepared from an active 
motile broth culture of a motile competitor. Each 
culture is grown in infusion broth at 37 *C for 15 to 18 
hours. The cultures are then diluted with an equal 
volume of physiological saline containing 0.6% formalin. 
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Rabbits are immunized by marginal ear injection using 
the formalinized whole cell cultures and with the 
following immunization schedule: the first dose (0,5 ml 
of formalinized culture), second dose (1.0 ml), third 
5 dose (2.0 ml), fourth and fifth (4.0 ml each). The 
intervals between injections are 4 to 5 days. The 
rabbits are bled 7 to 10 days following the final 
immunization to obtain the sera that comprise the 
competitor flagella antibodies. 

10 

EXAMPLE 3 

This example illustrates the competitor 
flagella antibody titer determination using the competi- 
tor flagella antibody produced in Example 2. The 

15 rabbits' sera of Example 2 are pooled, diluted and mixed 
with approximately 5 ml of sterile, liquefied and 
tempered (45 *C) semisolid agar medium (3 g peptone, 
0.3 g agarose in 100 ml water) in a test tube. The 
antibody-supplemented medium is permitted to solidify. 

20 Motile competitor organisms are stabbed into the 
semisolid medium and incubated for 18 to 24 hours at 
35°C. The tube supplemented with the lowest 

concentration of antibodies showing no motility when 
compared to a controlled tube with no antibody 

25 supplementation is defined as the working titer of the 
sera against that specific strain of competitor 
organism. 

EXAMPLE 4 

30 This example illustrates a type of test used 

to ensure that the competitor flagella antibody of 
Example 2 does not cross-react with the particular 
motile organism. The pooled sera are adjusted to the 
appropriate working titer and supplemented into 5 ml of 

35 semisolid medium, as described in Example 3. Strains of 
the particular motile organism are stabbed into the 
semisolid medium and incubated at 35 °C for 18 to 24 



WO 90/13033 



22 



PCI7US90/02022 



hours. The strains of the particular motile organism 
should show little or no inhibition of motility in the 
antibody-supplemented medium when compared to a control 
containing a semisolid medium with no supplementation of 
5 competitor flagella antibodies. If motility inhibition 
is seen with the particular motile organism, then the 
sera is passively adsorbed with the strain of particular 
motile organism showing inhibition, to remove the 
cross-reacting factor, according to the method of Ewing 
10 (13^ at pp. 118-119) . 

, EXAMPLE 5 

This example illustrates the use of competitor 
flagella antibodies in a semisolid motility medium to 

15 enrich for Salmonella in a food sample. A device 
containing three compartments that are separated by a 
porous plastic frit (100 im pore) that permits 
unrestricted movement of the motile bacterial between 
compartments is used. A first compartment contains 

20 approximately 1 ml of buffered peptone water broth. The 
first compartment communicates with a second compartment 
that < contains the semisolid motility medium with 
■,. competitor flagella antibodies. A third compartment 
communicates with the second compartment at a location 

25 distal to the communication point of the first and 
second compartments. The third compartment contains 
1 ml of m-Broth. The device used in this example is 
illustrated in Figure 1. 

A food sample that has been incubated in a 

30 buffered peptone water pre-enrichment broth for 24 hours 
at 35 °C is used as the inoculum. One-tenth milliliter 
of the pre-enrichment broth is inoculated into the first 
compartment. The device is allowed to incubate for up 
to 24 hours at 35 *C. After incubation, the third 

35 compartment is observed for turbidity, presumptively 
indicating that Salmonella is present in the sample. A 
small aliquot of the broth from the third compartment is 
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removed and used to conduct an enzyme immunoassay 
procedure according to the accepted method of the 
Association of Official Analytical Chemists. 

5 EXAflPUS 6 

This example illustrates the use of competitor 
flagella antibodies in a semisolid motility medium to 
enrich for and detect £^ coli 0157 :H7 in a clinical 
sample. A device described in Example 5 is used. The 

10 first and third compartments contain approximately 1 ml 
of a medium containing 1.0% (w/v) peptone, 0.3% meat 
extract, and 0.5% sodium chloride. The semisolid medium 
in the second compartment contains the competitor 
flagella antibodies in a medium with 1.0% (w/v) peptone, 

15 0.3% meat extract, 0.5% sodium chloride and 0.25% HGT 
agarose (Marine Colloids) . The competitor antibodies 
permit the movement of the £^ coli 0157 :H7 strain while 
inhibiting the movement of other competitor motile 
strains in the semisolid medium. 

20 One tenth gram of a fecal sample is added to 

the first compartment. The device is then incubated at 
37 °C for 18-24 hours. Any growth appearing in the third 
compartment presumptively indicates the presence of the 
coli strain in the sample. 

25 The confirmatory detection step is 

accomplished by adding antibodies to the 0157 surface 
antigen of E^ coli 0157 :H7 coated onto latex beads to 
the turbid third chamber. The antibodies are available 
from Oxoid Ltd. (U.K) . The unit is incubated for 60 

30 minutes at 37 °C and then observed for aggregation of the 
latex beads. Aggregation of the latex beads confirms 
for the presence of E^ coli 0157 :H7. 

From the foregoing it will be appreciated 
35 that, although specific embodiments of the invention 
have been described herein for purposes of illustration, 
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various modifications maybe made without deviating from 
the spirit and scope of the invention. 
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I Claim: 

1. A method for detecting the presence of a 
particular motile organism within a sample, comprising: 

inoculating a sample or an enriched sample, at a 
proximal site, wherein said sample or enriched sample 
presumptively contains a particular motile organism and one or 
a plurality of motile competitors; 

incubating the sample or the enriched sample with a 
semisolid motility medium containing a plurality of competitor 
flagella antibodies, wherein the plurality of competitor 
flagella antibodies inhibit the movement of the motile 
competitors throughout the semisolid motility medium, thereby 
allowing the motile organisms whose flagella are not bound 
with antibodies to move distally in the semisolid motility 
medium; and 

detecting for the presence of the particular motile 
organism at a distal site. 

2. The method of claim 1 wherein the detecting for 
the particular motile organism is achieved by an assay 
selected from the group consisting of pure culture assays, 
immunoassays, hybridization assays, immuno- immobilization 
assays, and combinations thereof. 

3. The method of claim 1, further comprising a 
selective enrichment medium communicating with the semisolid 
motility medium at a proximal site. 

4. The method of claim 1 wherein the selective 
enrichment medium contains a chemoattractant to delay movement 
of the motile organisms into the semisolid motility medium. 

5. The method of claim 1 wherein the semisolid 
motility medium contains from about 0.5% to about 5% (w/v) 
peptone, competitor flagella antibodies and a gelling agent. 



WO 90/13033 



PCT/US90/02022 



26 

6. The method of claim 5, further comprising the 
addition of a chemoattractant to the semisolid motility 
medium, wherein the motile organisms metabolize the chemo- 
attractant to a lower level, thereby having the motile 
organisms whose flagella are not bound with antibodies to 
move. 

7. The method of claim 5 wherein the gelling agent 
is agar or agarose. 

8. The method of claim 1 wherein the detection of 
the particular motile organism step comprises the addition of 
particular antibodies at the distal site, said particular 
antibodies present in sufficient quantity to produce an 
immobilization band in a semisolid motility medium upon 
interaction of the particular motile organism with the 
particular antibodies. 

9 . The method of claim 1 wherein the particular 
motile organism is Salmonella, Escherichia coli . or Yersinia 
enteycoljltirCa. 

10. The method of claim 1 wherein the particular 
motile organism is a species of Listeria , 

11. The method of claim 1 wherein the plurality of 
competitor flagella antibodies are directed to bacterial 
strains .selected from the group consisting of Salmonella , 
Cjfrrofracter, Escherichia, Serratia, Enterobacter . Edward- 
siella, H&fnia, P£o£eus, Providencia . ^organella, Erwina, 
Campylobacter . Listeria . Yersinia , and combinations thereof. 

12. The method of claim 11 wherein the species of 
SaqmpneiUa are selected from the group consisting of 

enter A<?a, Si Pfrratyphi-C, typhi . paratvphi-A . 

Si Paratvphi-B. tvphimurium. Si enteriditis , salamae . Sj_ 
ariSSfla^f Si diarizonae , houtenae , and bonaori species; 
of Citrbbacter are selected from the group consisting of 
C± f reundi . diversus . and amalonaticus : wherein the 
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species of Escherichia are selected from the group consisting 
of £^ sslir blattae, adecarboxvlata , £^ hermannii . 

IL_ vulneris , JL. fergusonii ; wherein the species of Serratia 
are selected from the group consisting of £L_ marcescens r 

Uquefrjciejis, S^. rabid&ea, S^. nlvmuthica. S. fonticola r 

sciorifera,, ficaria, arimesii . and S±. proteamaculans : 
wherein the species of Erwinia are selected from the group 
consisting of £L*. amylovora, ananas . £^ canceroaen? r 

IL carneaieana. E± carotovora, £^ chrvsanthemi , cvprinedii . 
JL. herbicola. jjL. mallotivora. £^ milletiae , £^ niariflueng r 
IU parafljLsi?ca, 1^ querela, JLs. rhapontici . £^ rubrif aciens . 
IU. salicis, £i. Stewart, £^ tracheinhila and uredovora ; 
wherein the species of Edwardsiella are selected from the 
group consisting of E,. hoshjna, ^ icl^mri and £^ tarda : 
wherein the species of Yersinia are selected from the group 
consisting of enterocolitica . y^. frederiksenii . 

L. intermedia . kristensenii . Xjl pseudotuberculos is and 

is. ruckeri ; wherein the species of Enterobacter are selected 
from the group consisting of E^ aeroaenes , E. aaolomerans . 
£^ intermedium, IL. nimunressuralis (NYV) , ^ sakazakii . 
£L amnigenus, £^ cloacae. £^ dissolvenus . ^ aeraoviae and 

tavlorae ; wherein the species of Proteus are selected from 
the group consisting of £^ mirabilis r p. mvxof aciens . 
L. vulgaris and £^ penneri: wherein the species of Moraanella 
consists of JLl morgan! j; wherein the species of Kluwera are 
selected from the group consisting of ascorbata and 
K± crvocrescens ; wherein the species of Hafnia consists of 
Hafnia alvei ; and wherein the species of Providencia are 
selected from the group consisting of P^. alcalif aciens P 

rettaeri . P. stuartii and P^ rustiaianii . 

13. The method of claim 1 wherein the plurality of 
competitor flagella antibodies are directed to a species of 
Listeria. 

14. In a method for detecting the presence of a 
particular motile organism within a sample by: 

inoculating a selective enrichment medium containing 
at least one chemotactic attractant with a sample or an 
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enriched sample containing the particular motile organism and 
one or more motile competitors, said chemotactic attractant 
causing motility inhibition of the particular motile organism 
and the motile competitors, said enrichment medium being 
. selective for the growth of the particular motile organism 
relative to the growth of the motile competitors; 

contacting the selective enrichment medium 
containing the motile organisms with a semisolid motility 
medium containing the chemotactic attractant in a concentra- 
tion -which is less than the initial chemotactic attractant in 
the selective enrichment medium; 

incubating the sample in selective enrichment medium 
under conditions which permit the motile organisms to 
metabolize the chemotactic attractant to a lower level than 
was initially in the semisolid motility medium, thereby 
allowing the motile organisms to move into and through the 
semisolid motility medium, said semisolid motility medium 
further containing particular antibodies specific for the 
particular motile organism, said particular antibodies 
diffusing into the semisolid motility medium from a position 
distal to the position of the motile organisms and present in 
sufficient quantity to produce a persistent immobilization 
band upon interaction of the particular motile organism with 
the antibodies ; and 

observing the formation of the immobilization band: 

wherein the improvement comprises adding a plurality 
of competitor flagella antibodies to the semisolid motility 
medium, or th§ selective enrichment medium, or the semisolid 
motility medium and the selective enrichment medium whereby 
the plurality of competitor flagella antibodies immobilize the 
motile competitors, and acts as a means for separating the 
particular motile organism from the motile competitors. 

15. The method of claim 14 wherein the plurality of 
antibody types are directed to bacterial strains selected from 
the group consisting of Salmonella , Citrobacter . Escherichia r 
SSTESLfcia, Enterobacrtper, Edwardsiella . fiafnia, Proteus . 
Providence, Morcranella. Erwina . Campylobacter , Listeria . 
Yersinia, and combinations" thereof . 
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16. The method of claim 15 wherein the species of 
Salmonella are selected from the group consisting of 
Si en±erlca, paratyphj-C, £^ typhi , paratvphi-y 

Paratyphi^ , ^ tVPhimurjum, enterid<fci> r ^ S alamae r §[ 
arisonae , §^ dlarizsnas, S^. houtenae. and §^ bonaori t species 
Sf Citrobacter are selected from the group consisting of 

freundl, divexsus, and amalonatinnp . wherein the 
species of Escherichia are selected from the group consisting 
of 1^. cpJJL, £_s. blattae, JL. adecarboyvlata, hermannii . 

la. vulnerjs, E^. ferousonii; wherein the species of Serratia 
are selected from the group consisting of §^ aarcescens. , 
Si Uquefaciens , isfeldaea, plvmuthiea . ^ fonticola , 

odorifera , S^. lisaEia, S_s. arimesii and proteamaculane . 
wherein the species of Erwisia. are selected from the group 
consisting of amylovora , E^ aaaPSS, E^ canceroaena , 

1,. carneqieana , E^ carotpvora , L chrvsanthgnn r cvpri De dii r 
fc. herbicola, Ea. mallotivora , m. mjlletiae, ^ niorifluens . 

paradisiaca , querela , rhapontjcj, rubrifa C jgns r 

E^. saiicis, Ej. Stewart, E^. tracheiohila and E^. uredoyora.; 
wherein the species of Edwardsiella are selected from the 
group consisting of E^ hoshjna, E^. ictaluri and E_s_ tarda : 
wherein the species of Yersinia are selected from the group 
consisting of enterocolitis r frederiksenn f 

la. intermedia, 3L. kristensenii . pseudotuberculosi s and 

Y_s. ruckerj ; wherein the species of Enterobaefcgr- are selected 
from the group consisting of aerooenes . aoalomerana , 

intermedium , E^. nimuoressu-ral i ? (NYV) , Ej. sakazaki i . 
£s. amniqenus ,_JE^. cloacae, E^_ dissolvenus . ^ geraoviaa . and 
IL. taylorae; wherein the species of Proteus are selected from 
the group consisting of mirabilis, mvxofac^n^ 

Pa. vulgaris and 2± penneri; wherein the species of Moroaneiia 
consists of JL. morganji? wherein the species of Kluwera are 
selected from the group consisting of ascorbata and 
Ka. cryocrescens; wherein the species of Hafnia consists of 
Rafnia alyei; and wherein the species of Providencia are 
selected from the group consisting of ^ alcalifacigns , 

rettgeri, P^ stuartU and P^. rustiaianii . 
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17. A device for a competitor immuno-immobilization 
test to detect a particular motile organism, comprising: 

; a first compartment consisting essentially of a 
sample or an enriched sample and a broth; 

a second compartment, having a proximal and a distal 
end, communicating with the first compartment at the proximal 
end, and consisting essentially of a semisolid motility medium 
and competitor flagella antibodies, wherein the communication 
between the first and second compartments allows for movement 
of motile organisms but not for mixing of the media; and 

a means for detecting the particular motile organism 
at the distal end. 

18. The device of claim 17, further comprising a 
third compartment communicating with the second compartment at 
tbe distal end, wherein the communication between the second 
and third compartments allows for movement of motile organisms 
but not for mixing of the media. 

■?/ ' 19. The device of claim 17 wherein the means for 

detecting the particular motile organisms comprises the 
addition < of a particular antibody to the distal end of the 
second chamber, and wherein said particular antibody diffuses 
in a proximal direction and essentially unidirectionally to 
produce a visible immobilization band upon interaction with 
the particular motile organisms. 

20. The device of claim 17 wherein the means for 
detecting the particular motile organism comprises a detection 
technique with a sample of semisolid motility medium obtained 
at the distal site, wherein the detection technique is 
selected from the group consisting of pure culture techniques, 
immunoassays, and hybridization procedures. 
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